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INTRODUCTION

Tub© building is one of the principle moans by
which subteranean termites ("white ants'*) infest tim¬
bers, or make contact with the soil if they are already
in the wood.

Acknowledge of the Influencing or limit¬

ing factors involved in the building of these earthen
tunnels is, therefore, of fundamental importance in the
control of this insect.
Because of their thin integument, termites re¬
quire an atmosphere high in moisture content and so must
build earthen galleries to span any exposed barrier which
may lie in their path.

Concrete walls, iron posts, ore-

oaoted timbers, and other impenetrable or unpalatable ma¬
terials are crossed in such a way.

The only control method

that has been discovered to prevent termites from tubing
directly to their desired destination is the application
of metal shields.

The use of such shields is expensive.

Furthermore, with the existing metal shortage, shields
are very difficult to obtain.

It Is, therefore, desir¬

able to find some other means of preventing the termites
from maintaining their contact between the soil and the
timbers.
The approaoh, methods, and procedure used in de¬
termining the Influencing or limiting factors involved
in termite tubing were in most cases originated by the

k

2

writer.

The review of literature had little to offer

since experimentation In this field is new.

Much time

and labor were involved in making the equipment, and
much standardization was necessary before it could be
used effectively.
The approach used was to investigate individu¬
ally the most probable factors involved.

The factors

considered were:
1.
2.
3.
4*
5.
6.
7.

Hydrogen-ion concentration
Soil particle size
Attractants
Instinct to return to Infested wood
Relative humidity of the air
Soil moisture
Area of concentration

The common eastern subterranean termite found In
the vioinity of Amherst, Retlouliterates flavlpea Kollar,
was used throughout this work.

■
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REYIEff OF LITERATURE

An enormous amount of literature has been written
on termites or "white ants"f as they are commonly called.
This is not surprising for about 40 million dollars dam¬
age la caused annually by termites in the United States
(Snyder, 1939).

Most of this literature is on

the biol¬

ogy, damage, and control of the pest.
The writer knows of only one publication which
deals entirely on the oubjeot of tubing—one written by
Holway (1941).

However, Snyder has several publications

in which he describes tubing, and Kofold et al. (1934)
also have some mention of it.

These references are used

in the discussion on the tunneling and tubing habits of
termites.
In order to better understand the problem of tub¬
ing, the literature on the history, life habits, and the
control of termites is also briefly reviewed.

Origin of Termites
Termites as a group are very ancient.

Systematic¬

ally, they are closely related to the roaches which ap¬
peared as early as the Pennsylvanian period.
however, evolved more recently.

The termites,

Fossils have been found as

early as the Lower Tertiary, although they may have been in
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existence before this time.

Hone of the fossils are more

primitive than the forms in existence today.

Maatotermes

darwiniensia Frogg. the most primitive living species, has
wing structure and egg masses similar to those of the
roach (Snyder, 1935a).

Distribution and Environment
The 50° parallels of latitude and the moan annual
50° F. isotherms outline the distribution of termites in
the world.

With the exception of the Arctic and Antarctic,

they occur in all the zoo-geographical regions of the
world.

The Ethiopean region has the largest number of

species, the Neotropical, Oriental, and Australian regions
have many, and the Palaearctic and Hcarctio regions have
few.

Therefore, the termites are not confined to the trop-

ios a3 believed by many, but occur in the temperate re¬
gions of the world as well (Snyder, 1939).
Blake (1937), Eofoid et al. (1934), and Snyder
(1935a) are in agreement that certain physical factors
are very important in the distribution of termites.
Fofoid et al. (1934) states that the most important
of the physical faotors are the atmospheric and soil mois¬
ture which trlth temperature determine the relative humidity.
The integument of the termites Is such that the body is
easily subjected to drying.

Consequently, an atmosphere

-
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of high relative humidity is imperative.

William

(Kofoid, 1934) states that Ketloulltermes are accustomed
to live in an atmosphere of 100 percent relative humidity.
He add3 that the minimum moisture requirement of R.
hesperns was found to he 1.0 percent of moisture by weight
in sand, and 3*8 percent in sandy loom.

These moisture

conditions enabled the termites to keep a saturated at¬
mosphere in their tubes and tunnels.
Minimum and maximum limits of temperature play an
important part in the geographical distribution of the
genera and species (Kofoid et al. 1934).

This can be

easily seen by comparing the distribution of the various
types of termites In the United States (figs. 1 It 2).
Blake (1937) has reported that our eastern termite
has a definite preference for light and well drained soils
and avoids the heavier and wetter soils.

This is in agree-

ment with Kofoid's (1934) observations on the western sub¬
terranean termite.

Humber cf Species
There are 1,729 (Emerson, 1942) described species
of termites in the world, including 65 fossil species.
the United States, 66 living and 9 fossil species have
been reported with every state represented except North
Dakota.

Arizona has the largest number, 25; California,

In

-
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Fig. 1. a, Map showing in black the area of
the United States subject to damage by subterranean
termites, b, Map showing in black the area of the
United States subject to damage of dry-wood termites.
(From Kofoid et al., 1934).

-
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Fig. 2. Map showing in black the distribution
of the species of subterranean termites responsible
for extensive damage in central and eastern United
States,
a, Area occupied by both Reticulltermes
hagem and R. vlrginlcus. b. Area occupied by &.
flavipes.
c. Area occupied by R. tibialis.
(From
Fofoldet al., 1934).

- a -

19; Florida, 15; Nevada, 8 and the remaining states have
1 to 5 species (Snyder, 1939).

Types of Termites
Light (Kofoid et al., 1934) groups termites as
follows:
A. Wood-dwelling termites (largely of family Kalotermltidae).
I. Damp-wood termites:

(1) Genus Zoo ter mops is,

Genus Prorhlnoternes.

(2)

(3) Paraneotennos sinplici-

cornia.
H. Dry-wood termites:
many subgenera,

The genus Kalotermes with its

(1) Powder-post termites, subgen-

era Crypt otermes. Calcareternes, etc.

(2) Dry-wood

termites proper, subgenus Kalotermes.
B. Earth-dwelling termites (family Rhinotermitidae and Termitidae)•
I. Subterranean termites:

Genera Coptotermes. Retiou-

liternes. Heteroternes (Leucoternes).
II. Desert termites:

Genera Amiternes In part and

Ano plot ernes In part.
III. Mound-building termites:

Chiefly fungus-growers of

the genera Macroters.es and Termes. but certain
species of other genera in various ports of the
world, as Coptoterme3. Anopiotermes. Amitermes. etc.
have this habit.

-
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IV. Carton-nest-building termites:

Many genera, notably

those with nasute soldiers (This does not include
species of Coptoternes, which are included under
subterranean termites.)
Cf the estimated 40 million dollar annual termite
damage in the Chitad States ninety-five percent is done by
the subterranean type (Snyder 1939)*

The Usefulness and Destructiveness of Termites
The eastern subterranean termite. Reticuliternes
flavines Kollar, is the common speoies of termite found in
this seotion of the country.

It is a native inseot which

has been commonly found in stumps and logs for many years.
In the woodlands it is a beneficial insect since it aids
in the disintegration of fallen trees.

However, it at¬

tacks anything containing cellulose whether it is man*a
house, born, furnishings, or crops.

In this role, ter¬

mites can be very destructive since in some sections they
are so injurious that they literally eat man out of his
house.

Lately there has been an Increase in the amount

of damage done to buildings (Turner and Townsend, 1936).
Hagen (1876) reported that termites were abundant
in the vicinity of Boston and were attacking buildings pre¬
vious to 1876.

Turner and Townsend (1936) state that in¬

jury by termites was recognized in Connecticut us early as

-

1875.
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There has been annual increase in the number of

houses infested by this Insect reported to the Connecticut
Agricultural Experiment Station.

In 1935 they had the

largest number. 111 known oases, previous to 1936.

They

attributed the sharp increase in building infestations to
the following causes:

(1) Central heating which makes it

possible for the termites to work the entire year,

(2)

Removal of trees, thus allowing more sunlight to warm the
soil to higher temperature.

(3)

The concentration of

sound wood in the ground, or easily accessible from the
ground, providing a more ample supply of food than existed
In the forest.

(4) Building developments on newly cleared

ground where termites exist in large numbers.
Yon Schrenk, according to Snyder (1935a), believes
that there may be "biological waves" or oycles of greater
activity.

Snyder (1939a) states that the lowering of the

water table In New Orleans has resulted in an increase in
termite damage.

Changes In climate, sub-soil conditions,

etc. may all bo direct or indirect faotors causing the in¬
crease or decrease in termite aotivity.
The most serious damage by termites is done to build¬
ings and their contents.

However, the list of materials

and plants infested by this pest is a lengthy one and in¬
cludes telephone poles, fences and other timbers In con¬
tact with the ground, living vegetation such as fruit and

-

11

.

shade trees, shrubs, sugar cane, cotton plants and grape¬
vines.

The principle food of termites is cellulose which

they obtain from either dead or living plant tissue
(Snyder, 1939a).

Description and Life History of the Subterranean Termite
The eastern subterranean termite (Retlculltermes
flavines K.) is a social Insect living in colonies and
the members are divided into the following castes:

(a)

dark-bodied males and females with four wings, known as
kings and queens, (b) gray-brown short-winged male and
female reproduet Ives, (c) straw-yellow, wingless male and
female reproductives, (d) wingless workers, and ($) wing¬
less soldiers.

Each caste has certain definite functions

to perform and is distinctive in its appearance.
The queen has a slightly elongated abdomen after
cofpulatlon.

Eer head, thorax, and abdomen are black ex¬

cept for the white border on the ahdamenal segments which
have been extended.

She is found near the center of the

"nest" accompanied by one or store true males.

Her eggs

may develop into any of the castes including the winged
type like herself.

In addition to the primary queen, the

lighter colored secondary reproductIves lay eggs when
they reach maturity, thus rapidly increasing the size of
the colony.

12
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The oreamy white workers are blind, wingless, and
sterile*

They do all the excavating in the soil and in

the wood, build tubes or runways of earthenlike material
over surfaces, and feed the rest of the colony*
The soldiers are about the same color and size as
the workers but have an enlarged head with strongly devel¬
oped mandibles*

They are sterile, and their sole funotlon,

as their name Indicates, is to guard the colony.
During the early spring and sometimes in the fall
large numbers of the dark full-winged males and females
swarm from the infested wood*

They fly a short distance,

mate and seek some suitable location to establish a new
colony*

The queen and her mate must find suitable food

that la in a damp location or is in contact with moist
soil in order to have an environment that they can sur¬
vive and start a new colony*

The mortality of the winged

forms is extremely high and, therefore, only a few sur¬
vive this perilous venture.

The successful queens after

being fertilized lay from 6 to 12 eggs*

The nymphs that

develop from these are cared for by the queen and king
tint 11 they are full grown*

The metamorphosis is incom¬

plete, that is, they have an egg, nymphal, and adult
stage*

The first brood requires about a year to reach

maturity.

The following broods are taken care of by the

workers.

The growth of the colony la slow until the sec¬

ondary reproductives begin egg laying (Turner and Townsend,
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1936).
The "Nest" and Tunneling Habits
of the Subterranean Termite
None of the 56 species of termites found in the con¬
tinental United States construct conspicuous mound nests as
do those of the tropics,nor do they have the striking habit
of coming out into full sunlight and marching about in long
files.

They nest in the ground or in excavated galleries

in wood near, on, or in the soil.

Direct oontaot with the

earth must be maintained in order to procure a source of
moisture which is so neoessary for life.

The nest is

neither a true nor a permanent one for they are more or
loss scattered or diffused over a wide area of ground or
throughout the wood of dead trees, stumps, logs, scars on
the trunk of living trees, branches, etc.

If conditions

become unfavorable, they may abandon the location for one
more desirable (Snyder, 1915).
Their underground home in the soil may consist of
a labyrinth of underground passages.

These exoavations

vary in size and shape, and extend in all directions.
Some of the tunnels are partitioned into separate chambers,
while others are unpartloned runways.

These partitions

are xaade of scraps of wood or moist earth mixed with frass.
The sides of the soil tunnels are smooth, except where wood
is exposed (Snyder, 1915).

-
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They secretly, silently, and ceaselessly eat away
the wood which shelters them, and thus cause serious dam¬
age before their presence is detected.
low the grain of the wood.

The galleries fol¬

Some tunnels cut across it,

but the function of these is to connect the main galleries.
They honeycomb the wood by eating away the larger-colled,
faster growing tissue and leave untouched the smaller-celled
denser wood.

A thin outer layer of wood is always left to

protoot them from being exposed, and to prevent the escape
of moisture.

Large cavities and undesirable openings in

the wood are usually filled or sealed with soil or frass.
The Inside of their wooden galleries is covered with gray¬
ish specks of excrement and earth.

It is the presence of

such material which distinguishes termite work from that
of ants and boring beetles (Snyder, 1935a).

Tubing Habits of the Subterranean Termite
In this paper, tubing is referred strictly to arch¬
ways or passageways which are constructed over the outside
surfaces or through wall cavities.

The object is to dis¬

tinguish tubes from underground tunnels or passageways in
the wood.
In building tubes, the termite workers aot very
much like a masonry gang with its brick layers and hod
carriers.

One or more of the workers stay at the opening

15
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and carefully arrange the particles of sand or earth* or
minute bits of wood which other worker termites bring to
them from their underground tunnels.

These particles are

coated with a glue-like substance in the mouth which acts
as mortar In holding the particles together.

While this

work is progressing, other termites are busily relining
and smoothing the interior of the lower part of the tube.
The same termites do not stay at the same post at all
times, but 3eem to take turns at the different tasks
(from laboratory observation).
Tubes vary in width, thickness, and length.

Most

ubes are from & to l£ cm. in outside width and those ob¬
served in the laboratory were from one to several soil
particles in thickness.

The length of the tubes often

depends on the distance that is traversed, although many
factors may play a part in discouraging the completion
of a tube before it has reached a suitable destination.
Tubes as long as seven feet have been observed by Holway
(1941)*

Partitioned and branching tubes are very common.
Holway (1941) concludes that "the majority of tubes

seen on the walls in the East are constructed down and not
up".

How Buildings are Infested
Subterranean termites may Infest buildings in one

•

16

•

or more of the following ways:
1 • Through direct contact between wood and soil.

This is

responsible for most of the termite infestation in New
England.
2. Through existing cracks or hollows in masonry or through
channels that termites are able to excavate in lime mor¬
tar.

These may give access directly to structural tim¬

bers or built-in basement construction.
3. By storage of Infested wood.
4* By moans of tubes built over the face of wood* masonry*
pipes* etc.
5. By swarming and establishing new colony in moist wood
(Turner and Townsend* 1936).

Prevention of Infestation
The success in preventing termites from entering
buildings and establishing themselves there depends en¬
tirely in preventing the termites in the soil from making
contact with the building timbers* and those in the tim¬
bers from making contact with the soil.

Freedom from ter¬

mite infestation can be easily achieved by the use of pro¬
per construction.

Such construction safeguards a house not

only from termites but from fungus attack as well.
Turner and Townsend (1939) suggest the following
specifications for buildings in Connecticut:
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1* Foundations shall be of monolithic ooncrete construc¬
tion or of solid unit msonry laid solid in cement
mortar and capped below woodwork with at least one
inoh of cement mortar.
2. The top of the foundation shall be at least 12 inches
above the final grade level.
3* Foundations adjoining masonry porches or terraces shall
be of monolithic concrete with extra thickness to avoid
a orack between the fill and wooden portion of building.
4. There shall be at least 18 inohes clearance between the
ground and any pipes, air ducts, etc., attached to the
floor above in any partially excavated areas.
5. Partially excavated areas shall be provided with ven¬
tilation from the basement or from the outside.
6. Ho wooden construction shall be used below the first
floor frame work with the following exceptions:
a. Basement stairs may be wooden and shall be set
on and not in the oonorete floor.
b. Basement partitions may be wooden provided they
are set on a concrete curb extending at least 6
Inches above the basement floor and are separated
from the basement walls by a 3-lnch concrete
plinth.
7. If specifications of item 1, 2, 3# or 6 are'Atered, a
metal termite shield shall be installed.
tions allowable in items 4 and 5*

Ho altera¬

xa -

In addition to these specifications, all wood de¬
bris and other cellulose materials should be removed from
the building site*

Ventilation space in the foundation

walls should be a minimum of 2 square feet of net opening
for each 25 linear feet of exterior wall.

If shields ore

used, the metal should extend 2 inches horizontally and
then downward for 2 more inches at a 45° angle (Anon.,
1941).
Where wood must be placed in oontaot with the ground,
it is desirable to use pressure-treated wood with 3ome ap¬
proved substance.

There is some wood which is resistant to

tennites, but none have been found to be immune to attack.
The hardwood of the following species are considered resis¬
tant:

teak (Teotona grandls) and sal (Shorea robusta) of

India; cypress-pine (Callitris robusta? of Australia; cam¬
phor wood (Clnnamonum cataphora) of the Orient; redwood
(Sequoia sempervirena) of the Pacific Coast of the United
States; southern cypress (Taxodium distiohum) of southern
United 3tates; and speoles of junipers (Juniperus spp.) of
the United States.

The resistance is due to sesquiterpene

alcohols, oils, alkaloids, gums, resins, and silica.

It

may be due to physical causes as well (Snyder, 1935a).

Control of Termites
When an Infestation has been discovered in a build-

-
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ing» it should be controlled as quickly as possible.

It

is likely that the longer it is neglected, the greater
the number of termites in each succeeding year and the
faster the rate of damage produced.
The beat possible control methods are very diffi¬
cult to outline because they vary with the type of build¬
ing, mode of entry, damage, and value of building.

How¬

ever, no matter what other controls are used, structural
control is always necessary if the best results are to
be obtained.
al, are:

Other methods of control, besides structur¬

soil treatments, wood treatments and poisoning

masonry walls (Turner and Townsend, 1936).
A. Structural Control - The principle involved in struc¬
tural control is to eliminate those features which aid the
termites in maintaining a contact between the wood and the
soil (Snyder, 1936).

Such construction has already been

disoussed under the prevention of infestation.
It should be remembered that termites can penetrate
(1) lime mortar; (2) ordinary masonry work of bricks,
stone or hollow blocks; (3) tar and asphalt compounds;
(4) poisoned paint films; (5) roofing felt, and (6) cracks
in solid concrete.

They cannot penetrate (1) solid con¬

crete without cracks or solid unit masonry laid solid in
cement mortar; (2) wood treated by a pressure process
(Turner and Townsend, 1936).

20

B. Soil Treatments - Soil treatments when used in con¬
junction with structural control have some value , but as
a sole means of control have not been entirely success¬
ful (Anon.# 1941).
Soil treatments are either poisonous chemicals such
as arsenicals, or repellents such as creosote.

They are

applied by digging a narrow trench from one to three feet
deep around the foundation and then plaolng the Insecti¬
cide in the trench.
thrown back.

The soil is also treated as it is

If a poison is used, it is believed that

the termites ingest it with the moisture they get from
the soil; if a repellent is used, it is believed that
the termites will not go through the treated soil (Turner
and Townsend, 1939).
Some of the more promising chemicals for the use
of soil poisoning are:

arsenicala, chlorinated naphtha¬

lene, chlorinated phenols, coal-tar creosote, and chlor¬
inated benzenes (Ahon., 1941).
Turner and Townsend (1936) state that crude liquid
orthodichlorobenzene falledto prevent termite entry; water
soluble compounds such as copper sulfate and borax are not
considered practical in Connecticut beoause of the leach¬
ing action of the soil moisture; and soluble arsenicals
should not be used, for soil fungi may act on them liber¬
ating highly toxic arsenical gases, and they may leach in-

-
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to wells and streams thus poisoning them*
OfKane and Osgood (1922) used Fhinotas oil in New
Hampshire with satisfactory results.

It was applied by

the trench method at a rate of one gallon in 200 gallons
of water.
There are several disadvantages in the use of soil
poisons:

(1) Soil types, drainage, and moisture greatly

influence the results.

(2)

All chemicals used in treat¬

ing soil are poisonous to plants.

The spread of the poi¬

son can be controlled by lining the trenoh with roofing
paper, or the plants should be removed from the poison
zone (Turner and Townsend, 1939)*

(3) It is dangerous to

use soil treatments because wells or streams may become
polluted by some, and fire hazards may develop from the
vapors rising from other insecticides (Turner and Zappe,
1933).
C. Wood Treatments - There are some commercial companies
that treat the timbers in place by applying materials
under pressure through holes bored in the wood.

The per-

manance of such a treatment has not yet been established.
There are certain very apparent disadvantages to
such a control:

(1) Preservatives do not thoroughly

penetrate wet wood.

(2) In actual practice it is diffi¬

cult to reach all parts of the timbers needing treatment
even by the most careful opeator.

(3) The amount of toxic

-

22

-

material Introduced must be relatively small because a
large amount of Carrier Is necessary for adequate pene¬
tration*

(4) Some woods are very difficult to Impregnate*

(5) These materials may contain an inflammable solvent
which may constitute a fire hazard particularly for a few
day3 following application (Turner and Townsend, 1936).
Thie method of control should not be confused with
the structural method where damaged timbers are replaced
with pressure treated wood.

This is an excellent practice

if the wood has been adequately treated with a reliable
preservative.

Coal-tar creosote and zinc chloride are

usually referred to by the American Wood Preserver*e As¬
sociation and tJ.S. Department of Agrioulture as "standard
wood preservatives" (Kofoid et al.g 1934).
D. Poisoning Masonry Walla - Snyder (1934c) suggests that
orthodlchlorobenzene may be poured into hollow unit mason¬
ry foundations as a barrier against termites.

The insec¬

ticide is poured through bored holes at the rate of one
gallon per 10 linear feet.

The openings are then capped.

The difficulty with such a method is the possibility that
the chemicals may bleed through paint or plaster on the
cellar walls and may cause objectionable odors.
E. Other Methods of Control - Fumigation of basement, treat¬
ing timbers with poisonous sprays or paints, and superheat¬
ing will kill some subterranean termites but will not des-

-
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troy an established colony (Anon,, 1939)
Natural Enemies - Natural enemies are of very little
use in controlling termites.

Their seoluded life makes

it very difficult for some enemies to attack them.
of the ants are considered their worst enemies.
Is common to find both living In the same log.

Some

Yet, It
Mites,

round worms, nematodes, and low forms of plant life such
as fungi, moulds, and bacteria are effective at times In
destroying colonies of termites, especially those in
laboratories.
During swarming, the kings and queens are very sus¬
ceptible to attack.

At this time the loss Is great and

the number of enemies large.

Birds of many kinds, dom¬

estic fowls, reptiles, lizards, chameleons, toads, ants,
spiders, solpuglds, predaceous wasps and flies, crickets,
etc. prey on the termite during their few moments of ex¬
posure.

Many mammals are said to feed on termites in the

ground (Snyder, 1935a).

-
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MATERIALS AND METHODS

Source of Teraltes and Termitariums Used
Retleuliternes flavines Kollar was the species of
termite used in all of experiments , for it is the only
one found in the vicinity of Amherst 9

With the excep¬

tion of a log from Duxbury, Massachusetts, all of the
termites were collected in the Amherst dump which is
near the Pelham town line.

They were so numerous in this

location that most of the stumps and logs examined showed
evidence that termites were or had been present*
A number of Infested logs were taken Indoors and
piled on a cement floor which was covered with about an
inch of soil*

Each day a half gallon of water was

sprinkled over them with a rubber, hand-bulb sprayer*
It was observed that the termites from the upper logs
moved down to those below*
When termites were needed, a log was split open
and the termites collected with an aspirator.

Many of

the insects are killed and injured in the process of cut¬
ting the log to expose them*

An efficient way of getting

them out of the wood is to place the infested wood in a
can containing moist paper over the bottom*

The temites

come out of the wood find go into the paper for moisture.
A large number of them can be collected from the paper

-
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from time to time.
The most successful small termitarlua used consis¬
ted of a gallon glass Jar which was 9i inches in height,
6 Inches in diameter, and had an opening of 4i inches.
The bottom was covered with sandy loam soil to a depth
of 2 inches in which a piece of previously infested wood
was partially imbedded.

Each Jar contained 200 termites.

The soil was kept moist either by spraying with water
when needed, or by keeping the Jar in a high humidity
chamber (fig. 4)*
A supply of termites that is easily available can
be kept in a glass dish or Jar with filter paper or paper
towels as a medium for food and moisture.

In such a ter-

aitarium It is more difficult to maintain a constant sup¬
ply of moisture.

Hie most effective way was to drop a

piece of wet paper in the container each day.
things to watch out for are:

The two

that the paper is large

enough to stay moist until it can be dampened again, and
that it is not so wet that it will drip.

Termites are

very susceptible to drying but they also drown very
easily in small pools of water.

Fungi, and perhaps mites,

will play havoc with these insects if they are exposed to
unfavorable moisture conditions.
The glass termltariums containing soil were per¬
manent, very convenient to use, offered the termites nat-

-
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ural conditions for tubing, and the activity of the insects
wore easily observed.

In addition, the termites suffered

less from fungus and mite attack in this type of termitarluxa than they did In those with the paper medium.

Hydrogen-ion Concentration Preference Tests
Two experiments were conducted to detemine whether
or not termites show a preference to the hydrogen-ion con¬
centration of their immediate environment; one using con¬
ditioned filter papers, and the other using conditioned
soil.
Filter papers, 2j inches in diameter, were 3oaked
In acidic or basic solutions ranging in pH from 4 to 8.
When the papers were well impregnated with the solution,
they were removed from the liquid and allowed to dry. The
pH of the paper was determined with a LaMott indicator.
The chemicals used to condition the filter papers were
sulfuric, nitric, and hydrochloric adds, sodium hydroxide,
potassium carbonate, and lime (stone) fertilizer contain¬
ing 20 percent calcium oxide and 29 percent magnesium oxide.
Twenty termites were placed in covered dishes which
contained an assortment of filter papers of various hydrogen-ion concentrations.

The sheets were spaced so that

they would not touch each other, and each paper was placed
partially against the sides of the dish so that ample room

- 27 -

Fig.3. Glass chamber containing five compart¬

ments with soil of different hydrogen-ion con¬
centration used to test the hydrogen-ion preference
of termites, a, glass side; bf shelf; c, soil; d,
paper towels; ef slate.
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was left underneath them for the termites to congregate*
The filter papers were moistened before the termites
were placed in the dishes and each day thereafter by
applying the same number of drops of distilled water on
each sheet*

The dishes were kept in a dark chamber at

room temperature of 68 to 72° F.

A daily record of the

distribution of the termites was made*
For the experiment using the conditioned soil, &
glass chamber was constructed with five compartments
(fig* 3)*

The partitions were loose enough for the ter¬

mites to move freely from one compartment to another*

A

flat slate (e) which was covered with paper towels formed
the bottom of the chamber*
Small scraps of wood were thoroughly mixed with the
sandy loam soil to Insure an even distribution of food*
It v/as then divided in five parts and eaoh part treated
with dilute sulfuric acid or lime(stone) fertilizer con¬
taining 20 percent calcium oxide and 29 percent magnesium
oxide*

This gave the soil samples a pH of 4; 4*5, 5.5, 7,

and 8*

The samples were then placed in the compartments

in the order of their pH value*

The termites, estimated

at 500, were placed on the shelf (b) and wore allowed to
enter the soil at will*
The moisture was maintained by wetting the paper
towels, allowing the water to enter the soil by capillary

-
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The pH of the soil was determined weekly.

Size of Soil Particles
A microscopic examination showed that a large var¬
iation existed in the size of the soil particles used by
the termites for tube construction.

Tests were made to

determine the importance of the particle size in relation
to tube building.

Two of the gallon Jar termitariums were

prepared with soil of known particle size.

The first con¬

tained sand which passed through a 20 but not a 40 mesh
screen, and the other had sand which passed through an SO
mesh screen.

Both Jars were placed in a high relative

humidity chamber (fig. 4).

Attractants
The object of this experiment was to determine
whether the presence of a moist object, odor of wet wood,
or odor of dry wood would influence the termites to tube.
Four of the gallon Jar termitariums were set up in
the following manner:

The opening of the first jar was

covered with a wire screen over which was spread a piece
of cheese cloth that was kept moist by having one end in
a bottle of water (fig. 5-1 )*

The second jar had a piece

of previously Infested wood which was kept moist with a

Fig. 4. Glass cylinder chamber used in the
relative humidity and soil moisture tests. The
moisture was supplied by the water present in
the bottom of the chamber. A gallon glass termitar
ium is shown inside.
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piece of cheese cloth as described above, (fig* 5-II).
The third one had a dry piece of previously Infested wood
over the opening (fig. 5-HI), and the fourth had nothing
over the mouth of the jar (fig. 5-17).

The soil moisture

was maintained by adding water when needed.

The jars were

in a relative humidity of 24 to 34 percent.

Dropping From Infested Wood
It was thought possible that dropping from an in¬
fested piece of wood to the soil below might stimulate
termites to construct tubes toward the pieces of wood.
The gallon jars were again used by this time there
were no termites In the soil.

Pieces of wood infested

with termites were suspended In three jars about two
inches above the soil.

They were placed In a dark chamber

having a temperature of 68 to 72° F. and a relative humdiIty of 24 to 34 percent.

Relative Humidity Tests Using Gallon Jar Termitariums
Moisture is known to be an Important factor In the
maintenance of termite colonies.

Its Influence on the

tube building was, therefore. Investigated.
Four gallon jar termitariums with 200 termites were
used In this experiment.

Two of the jars were kept at room

33

Fig. 6. Metal chamber made of galvanized
sheet iron used in determining the effect of the
air and soil moistures on termite tubing, a,
side of chamber; b, celotex top; c, slide door;
d, openings for ventilation; e, Livingston
porous cup; f, reservoir; g, soil.

►
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humidity of 24 to 34 percent, and the other two were placed
in a humidity of SO percent.

All of these were in a dark

chamber with a temperature of 6S to 72° F.

When the ter¬

mites began to tube, they were alternated between high and
low humidity.

The length of the tubes constructed under

each humidity was recorded on the jars.

The termites that

did not tube in low humidity were transferred to high to
determine whether tubing would occur there.
A fifth termitarlum was started In high humidity and
when tubing started the moisture was varied every 24 hours.
The relative humidity and the length of tube constructed
were recorded daily.

Relative Humidity and Soil liolsture Tests
Using Metal Chambers
This experiment was two fold:

the first to determine

the effects of the various relative humidities and soil mois¬
tures on the tubing activities of termites; and second, to
study the interrelation between soil moisture, relative
humidity, ventilation, and temperature.
Four metal chambers, 24" X 24* X 36*, of galvanized
sheet iron were constructed (fig. 6).

Five openings, one

inch square, were punctured in each of the sides 8 inches
down from the top which could be opened to allow ventila¬
tion.

The tight fitting tops (b) were made of celotex and

-
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had a slide door (c) for observations.

Sandy loam soil

was placed in the chambers to a depth of 12 inches.

The

soil was Irrigated by means of a Livingston porous cup
(•) connected to a reservoir (f) with glass tubing.

The

soil moisture could be regulated by raising and lowering
the reservoir.

The relative humidity in the chamber was

regulated by opening or closing the holes in the sides of
the chambers.
The termites were introduced by putting two heavily
infested pieces of wood in each chamber, one lying on the
soil and the other suspended from one side of the chamber.

Concentration of Termites
Three jar termltarlums of varying sizes were pre¬
pared as follows:

A quart fruit jar was filled to a depth

of two Inches with sandy loam soil.

A piece of previously

Infested wood weighing 10 grams was partially Imbedded in
the soil.
Jar.

Two hundred termites were introduced into the

A two-quart and a gallon jar were prepared in the

same manner except that they had twice and four times as
much soil respectively.

The soil volumes were 16.5 cubic

Inches in the quart Jar, 33 cubic inches in the halfg&llon Jar, and 66 cubic inches in the gallon Jar.

-
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RESULTS

Hydrogen-ion Concentration
The chemically impregnated filter paper experi¬
ment indicated that termites show little or no preference
to the hydrogen-ion concentration of their environment when
it is between 4 and 8.

In at least one of the eight tests

conducted the termites chose each of 'the concentrations
offered (Table 1),
A variety of chemicals were used in conditioning
the papers to make certain that the pH and not the acid
or base used was the influencing factor.

However, from

the results obtained, neither the chemicals nor the pH
seemed to have Influenced the termites in making a choioe
as to which of the papers they preferred.

In the first

three tests they congregated under the papers impregnated
with sulfuric acid having a pH of 4» 5» and 6, as well as
they did under the paper impregnated with lime(stone)
fertilizer having a pH of 7 and 8.

In the last three

tests using hydrochloric acid and sodium hydroxide they
behaved in a similar manner; they chose each of the chem¬
icals and each of the concentrations during some part of
the experiment.
In most cases the majority of the termites were

-

Table 1.
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Percentages of total number of termites

observed under each conditioned filter paper for a period
of two weeks.

Test
Hum¬
ber

Twenty termites were used in each test.

Percent iunder paper
with pH
6
7
4
5
0

1

1

49

2

95.6

0

3.4

3

14.3

0

28.6

49

8 •
1

Not
under
papers

Chemicals Used

0

Sulfuric Acid and
Lime Fertilizer
Sulfuric Acid and
Lime Fertilizer

1

Sulfurio Acid and
Lime Fertilizer

57.1

4

0.6 44.6

47.1

7.7

Sulfuric Acid and
Potassium Carbon¬
ate

5

.3 63.6

25.3

10.7

Nitric Acid and
Sodium Hydroxide

6

7

8

45

82.5

Hydrochloric Acid
and Sodium Hydrox¬
ide

55

17.4

99.3

1

Hydrochloric Acid
and Sodium Hydrox¬
ide

0.7

Hydrochloric Acid
and Sodium Hydroxide

under one filter paper, but on occasions they were found
underneath as many as four of the papers at the same time.
They did not always stay under one paper, but moved around occasionally during some tests.
The experiment using the conditioned soil in the
glass compartments gave similar results.

When the ter¬

mites were placed on the shelf some entered the soil of
each compartment regardless of the hydrogen-ion concen¬
tration of the soil.

Furthermore, they built tunnels con¬

necting all of the various soils, travelling extensively
from one to another (fig. 7).

The lower hydrogen-ion con¬

centration seemed to have been preferred at first, but
later there was an equal amount of activity In all of
them.

From the results obtained in both experiments, it

may be concluded that the local termite shows no prefer¬
ence to hydrogen-ion concentration of the soil when it
ranges from 4 to 8.

Size of Soil Particles
Two hundred termites were placed in each of the
two terraitariuas containing soils of known parti ole size
trig. 8).

Tubing occurred in both Jars, indicating that

size of soil particles had no Influencing effect on tube
building.

Tubing was evident first in the one with the

large grains, and two days later was noticed in the jar

Fig. 7.
Results of the hydrogen-ion concentra¬
tion preference test using soil us shown by the tun¬
nels built in the different compartments.
The concen¬
trations are indicated below each compartment and the
tunnels are the dark channels scattered through the
soil.
The top photograph is the rear view and the
bottom one is the front view.
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A

B

C

Fig. 8. Soil from three different tubes show¬
ing the variety of particle sizes used. The tubes
were built in the termitariums which had: A, soil
going through a 20 but not a 40 mesh screen; B, soil
going through an 80 mesh screen; C, original unscreened
soil.
(Magnified 7 times).

-
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with the smaller particles.
were built more rapidly.

-

The tubes in the former Jar

This may have been due to the

size of the particles, for the larger the grains the
smaller the number of partioles necessary to build the
tube.
Figure 8 shows the soil which was used in building
three different tubes; A, sand going through a 20 but not
a 40 mesh screen; B, sand passing through an 80 mesh screen;
Cf original unscreened soil.

The variety in the size of

the particles used strengthens the conclusion that soil
particle size has very little or no Influence in limiting
termite tubing.

Attr&ctant Experiment
This experiment ms designed to test the possible
stimulating effect of a moist cloth9 odor of previously
Infested moist wood, and odor from previously Infested
dry wood on tube construction when placed near the medium
containing the termites.

None of these objects stimulated

the termites to tube.
The relative humidity in which these termi tori urns
were kept was 24 to 34 percent.

Later experiments showed

that the common eastern termite, Hetlcullternes flavlpes
K. will not tube under such low relative humidity.

How-

-
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©Terf since tubing was produced in later experiments with¬
out the moist cloth, moist wood, or dry wood, it may be
concluded that these objects do not hare to be present to
stimulate termites to tube*

Effect of Dropping From Infested Wood
Pieces of wood infested with termites were suspended
in three of the gallon jar termitariums about two inches
above the soil*

As the suspended wood began to dry, the

termites dropped to the soil in large numbers*

They

settled in the soil and excavated numerous tunnels, but
no tubes were built during the three months this experi¬
ment was conducted*
Since these Jars were also kept under low humid¬
ities, it must be concluded that dropping from Infested
wood alone Is not enough to influence termites to tube*

Relative Humidity and Soil Moisture
Two hundred termites in glass jar termitariums
were exposed to high and low relative humidities for var¬
ious periods to determine the influence of air moisture
on tube building*

Two Jars were enclosed in a chamber

having BO percent relative humidity or more, and the other
two were kept at room humidity which ranged from 24 to 34

43

percent.

-

In the two jars that were in high humidity,

tubing started in one after six days and in the other
after eight days.

In those that were in low humidity,

tubing started in one after thirty days only to be
abandoned when the tubes was less than an Inch high,
and in the other tubing failed to take place.

When

the last two jars mentioned were put in high relative
humidity, tubing started almost immediately.
Two jars which had tubes under construction were
alternated between high and low relative humidity (fig, 9)*
Tubing occurred just once while in low humidity and that
was while the tube was very close to the soil.

The humid¬

ity at this level may have been considerably higher than
that of the air outside the jar.

The illustration (fig. 9)

shows that, with the exception mentioned above, tubing
stopped when the jars were in low humidity and started
again when placed in high.

Several times the tubes were

capped when the moisture content of the air was low, and
were again opened when the humidity increased.

Tubing

would start within the hour when the humidity was changed
from low to high,
A fifth termltarium was started in a high moisture
chamber and as soon as tubing started the relative humid¬
ity was changed every 24 hours.

The humddity was varied

between 62 and 80 percent and was recorded with a hygro-

f

Fig. 9. The influence of air moisture on
the length of tube constructed by termites in low
(24-34# and high (80%) relative humidities. The
figures indicate the dates the moisture was
changed.

-
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There may be an error of 2 to 5 percent in these

readings# since it was difficult to measure the humidity
accurately at the different levels inside the jars with
the instruments available.

The portion of the tube con¬

structed in each humidity was measured at the end of each
exposure (fig. 10).
The termites built an average of 27 1/3 cm. of
tubing daily in a 75 to 80 percent humidity, 6£ cm. in
65 to 68 percent, and 2 cm. in 62 percent (table 2).
These figures shew that relative humidity had a decided
effect on the length of the tube built.

The relationship

existing between the length of tube built and the relative
humidity is shown graphically in figure 11.

The higher

the moisture, the longer the tube; the lower the moisture,
the shorter the tube.

8ixty percent must be dose to the

minimum effective humidity for little tubing occurred as
that figure was approached.
To determine whether the soil moisture in the termltarlums was changing while in the various humidities and
perhaps influence tubing, small tins of soil of known
weight were

put in the different relative humidities used.

After 24 hours there was less than .001 grams difference in
any of the soil weights.

This difference is so small that

it could not possibly have been significant.

This tends

to show that the relative humidity was the only variable

Fig. 10. The effects of the various
relative humidities as shown by the length of tube
built for periods of 24 hours. The figures shown
are the dates and the relative humidities. The
distances between the dates indicate length of
tube built during those periods.

-
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The length of tube built in 24 hours

under the various relative humidities of the termitarium shown in figure 10.

Relative Humidity
Percent

Length of tube
Built in 24 hours

Average

CM.

80
80
75

25
27

68
68
67
65

7
7
4
7

6 1/4

63

2

2

27 1/3

’

ptm

-
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factor in the experiment above.
Further teste on the effects of air and soil mois¬
ture were conducted in the metal chamber termitariums.
The interrelation of the physioal factors is so important
%hen applying these findings to practical control that
the writer thought it worth discussing at this time.

The

physical factors Involved in the metal chamber experiment
were:

room, chamber, and soil temperature, relative humid¬

ity, soil moisture, and ventilation (table 3).
The air temperature of the chamber fluctuated between 59 and 68

F., depending entirely on that of the

room Tran which they differed not more than 2j degrees
(fig. 12).

No heating devices were used inside the cham¬

bers and, therefore, the room temperature was the govern¬
ing factor throughout.

The difference in the temperature

of the four chambers was very slight.
The soil temperature varied directly with that of
the air.

It ranged from 59 to 70° F.

The soil tempera¬

ture in all of the chambers was so close that only one
curve was drawn to represent all four (fig. 12)•

Since

the termites live in the earth, the soil temperature is
likely to be more important than that of the air.
The relative humidity in the chambers (fig. 13a)
ranged from 46 to 82 percent and was influenced by the
room humidity, soil moisture, number of chamber openings,
and temperature.

The moisture content of the room air
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Summary of the factors recorded in the metal chamber experiment
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Pig. 13. : Relative hiamidity an* i soil moi sture re¬
corde 4 in the f<3ur metal chambers w 1th "T" to indicate

when tubing was taking pi ace.

was very low, 13 to 39 percent.

The humidity in the cham¬

ber was considerably higher due entirely to the moisture
given off by the soil.

Other factors being constant, the

higher the soil moisture, the higher the relative humid¬
ity.

However, by increasing the number of chamber open¬

ings, the air moisture in the chamber could be reduced by
allowing a certain amount of moisture to dissipate.

Cham¬

ber 1 had no openings, number 2 had 4, number 3 had 8, and
number 4 had 12.

Consequently, the humidity was progress¬

ively lower in the order given above.

The lower the temper¬

ature, the more readily the air becomes saturated with
moisture.

Since the temperature was about the same in all

of the chambers, it should have had an equal influence.
There was a slight change in the soil moisture in
each chamber due to the change in the height of the reser¬
voir and the rate of evaporation (fig* 13b).

The reservoirs

were intentionally raised or lowered at times to control
the moisture.

In general, hcwever, no real effort was made

to maintain any relation between chambers in regard to this
factor.

The extremes reached were 12.4 and 23 percent by

dry weight*
The tubing activities that occurred in the metal cham¬
bers have been indicated in figures 9f 10 and 11 by a ”T"
over the date that tubing was witnessed.
It Is important to note that tubing occurred only

- 54 -

above the 60 percent line on the graph showing the rela¬
tive humidity (fig. 13A).

Tubing took place continuous¬

ly in chamber 1 which had a high relative humidity through¬
out.

There was also tubing in chambers 2 and 4, but this

happened only when the humidity was high.
ity was below 60, tubing stopped.

When the humid¬

This is in perfect

agreement with the conclusion reached in the fruit-jar
terraitarlum experiment where it was shown that high rela¬
tive humidity is necessary for tubing and the minimum
relative humidity for this activity is in the vicinity
of 60 percent.
There is no correlation between the tubing activity
and the soil moisture (fig. 13B).

The "T's" may be found

during high as well as low soil moistures.

In fact9 when

tubing was taking plaoe in Chamber 4, the soil moisture
was low; when tubing was taking place in Chamber 1 the
soil moisture was high.

This indicates that soil mois¬

ture within the range witnessed in this experiment had no
evident influencing or limiting effect upon tubing activ¬
ity.

However, It should be remembered that soil mois¬

ture Is responsible for much of the moisture present in
the air and, therefore, must be considered a secondary
factor.
The range of both soil and air temperatures was
narrow and fell within the favorable limits of termite

activity.

This is brought out by the fact that tubing

occurred close to the extremes of the temperatures re¬
corded.

Ventilation is also very important, not as a

primary but as a secondary factor.

It was by means of

the chamber openings that either high or low relative
humidity was maintained.
An important study, although not direotly pertain¬
ing to the problem at hand, is that of the moisture re¬
quirements of termites in a log with no direot contact
with the soil.

Termites began to drop from the suspended

logs in the metal chambers a few days after they were
placed there.

This occurred even in Chamber 1 in whioh

the relative humidity was 78 percent at the time.

Upon

placing wet paper towels on the logs the termites would
stop leaving the wood, but a day or so after removing
these, dropping would start again.
Samples of wood from the logs that were being
abandoned by the inseots were measured for moisture.
They had 14.3# 10.8, 13.4# and 11.85 percent moisture by
weight.

One log from which the termites had not started

to drop had 15.77 percent moisture.

Williams (Kofoid et

al., 1934) found that the minimum amount of moisture nec¬
essary in filter papers for Ret1oulitermes hesperus and R.
tibialis to survive was 18 percent.

The figures are so

close that it may be said that R. f la vines has the same
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minimum effective humidity’ as the other two species men¬
tioned above.

Evidently, the necessary moisture for the

termites to survive cannot be maintained in a piece of
wood even if the relative humidity is as high as 78 per¬
cent; uhless a constant source of moisture is available.

Concentration of Termites
Tubing appeared in the smallest jar four days after
the experiment was started.

In six days there were four

tubes being built which had reached the height of 3/4, 1
1/2, 3 1/4, and 5 inches.

Tubing in the others had not

yet started ten days after the experiment was begun (fig. 14)*
There was also a larger number of tunnels visable In
the smaller Jar, the middle-sized one was next, and the
largest Jar had the least.

Fro© the observations made up

to this time, it appears that the smaller the area in which
a certain number of termites are confined, the greater the
tunneling and tubing activities.
This may be considered as agreement with Kofoid et al.
(1934) and Snyder (1935a) that subterranean termite colon¬
ies extend over a large area, and the larger the colony
the greater is their activity.
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Pig, 14. The effect of the various soil
volumes as shown by the number of tubes and tun¬
nels built. The volume of the soil in the first
jar in cubic inches was 16.5; second, 33; third,
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REC0MMENDATI0N3 FOR CONTROL OF TERMITE TUBING

The results obtained from these experiments not only
corroborate old recommendations for the control of ter¬
mites, but also show some of the actual values of these
measures.
Termites congregate only where there is a source
of food available.

It is also the habit of this insect

to spread out from a point of concentration by building
an elaborate system of tunnels.

When they confront a

wall or some other barrier they rely on their tubing abil¬
ity to continue their exploration.

Scrap wood or old

roots and stumps not only give the termites a suitable
place from which they can reach out, but it also sup¬
plies them with the food to survive and multiply.

The

ohances of tubing in such a case would certainly be much
greater than if the wood was not available to

them.

Drainage la important because the drier soil gives
off less moisture.

Ventilation also plays a major part

in keeping down the relative humidity of the air as has
already been explained.

These two measures in the past

have been recommended because fftermites and decay thrive
best under moist conditions!

There is no question about

ventilation hindering fungus growth.

However, there is

some question as to the value of this measure In doing any
appreciable harm to the termites directly.

It must be re-
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membered that only 1 to 3*8 percent of moisture by weight
In the soli Is nooessary for the subterranean termite to
keep their tunnels saturated with moisture (Kofoid et al.,
1934).

Termites in timbers will be affected by low mois¬

ture if they are long distances away from their source of
moisture, and if the wood is badly cracked.

However,

termites have the ability of carrying moisture into the
wood from the soil.

They are also of the habit of seal¬

ing any openings in the wood ttfiich are near their tunnels.
These two factors sometimes enable them to exist even if
the relative humidity of the air is low.

Maintaining low

moisture will do one very important thing in controlling
and preventing termite infestation; it prevents or limits
termite tubing.
Therefore, the following measures should be recom¬
mended for the control of termites:

(1) the elimination

of wood soraps, stumps, and logs from the vicinity of a
foundation; (2) proper soil drainage and ventilation; and
(3) prevention of any enclosed spaces under buildings.
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CONCLUSION

From the results obtained from these experiments, it
may be concluded that the area of concentration, and the
relative humidity of the surrounding air have an influenc¬
ing and limiting effect on the tubing activities of the
looal subterranean termite, Retlculltermes flavipes Kollar,
A definite relation exists between the amount of moisture
in the air and the length of tube built; the minimum ef¬
fective relative humidity being in the vicinity of 60
percent.

However, low air humidities do not affect the

termites once the tube 15 complete.
Soil moisture, although not Involved directly, must
be considered a secondary factor because it is responsible
for much of the moisture in the air.

Hydrogen-ion concen¬

tration, soil particle size, attractants, and dropping
from infested wood independently do not influence termite
tubing.
Termites, without direct contact with the ground,
cannot exist in a log even if the relative humidity sur¬
rounding the log is as high as SO percent.
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SUMMARY

An account of the economic importance, history,
distribution, life cycle, tubing and tunneling habits,
modes of infestations, prevention and control of sub¬
terranean termites is given in the review of literature.
Under meterials and methods several types of tormitariums

are described.

Two termitariums, the gallon fruit

jar and the 24" X 24” X 36" metal chambers, were used
in the study of the tubing activities; and the others were
used in keeping a supply of termites.

The materials and

procedure used are also discussed in this section.
The influencing and limiting effects of the follow¬
ing factors were investigated:
1.
2.
3.
4.
5.
6.
7.

Hydrogen-ion concentration
Soil particle size
Attractants
Instinot to return to Infested wood
Relative humidity of the air
Soil moisture
Area of concentration

The hydrogen-ion concentration, soil particle size,
and dropping from infested wood gave negative results.
Relative humidity is definitely both an influencing and
a limiting factor in tube building.

The soil moisture

was not a direct influencing factor, but it should be
considered a secondary one, for in an enclosed space it
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is solely responsible for the moisture in the air.

The

area of concentration is important since the smaller the
area the greater the tubing activity.
It was found that termites cannot survive in logs
or timbers if the soil contact is broken, even if the
surrounding humidity is as high as SO percent.
A further faotor which may influence the tubing
activities of subterranean termites is the amount of food
available.

This experiment has not progressed far enough

to be included here.

The writer wishes to state that he

does not contend that all of the factors which are in¬
volved in termite-tubing were covered by this work.
Moreover, many of the factors dealt with need further
experimentation•
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